We have used standard numerical techniques of lattice quantum chromodynamics (QCD) to look for evidence of the proposed doubly strange spin zero dibaryon (the H particle), and to determine the splitting between the mass of the H and the mass of two d's: its lightest possible strong decay channel. We find that the dibaryon is above the two A threshold, making it unstable to strong decay.
The reliability of lattice gauge theory calculations is in the process of developing from the level of quark model style phenomenology with little understanding of expected errors, toward that of a solid calculational method. Understanding the reliability of the calculations independently of direct comparison with data involves complicated and detailed error analysis which is difficult for nonspecialists to evaluate. It would be a striking test of the emerging calculational methods to predict accurately a physical quantity before its experimental determination.
Since the low energy hadron physics which is best understood with the present methods is well explored experimentally, candidates for such a prediction are not plentiful.
A very clean candidate for such a test, if it is stable, is the doubly strange dibaryon, the H particle. This flavor singlet, spin zero, six quark state was shown by Jaffe' to have the largest possible color hyperSne attraction among the six quarks. Several estimates of the H mass have been done in chiral models. which are somewhat less successful than quark models in parameterizin g the known hadron masses. These range from 1.03 GeV to 2.10 GeV ', compared with the AA threshold at 2.23 GeV.
In the SU(3) symmetry limit. we have for the hyperfine splitting
where the X' and u' are the Gell-IMann and Pauli matrices. Jaffe showed how to compute this quantity without considering the details of the six quark wave functions in terms of the casimir operator of the combined colorspin SU (6) GeV and a binding energy of 50 MeV.
To examine the H in lattice QCD, we analyzed the quark propagator data accumulated for the calculation of hadronic coupling constants performed with Gottlieb and
Weingarten.g For a detailed description of the definitions. methods and results in that calculation, as well as a list of standard references for lattice gauge theory, see reference 9. We use a coupling constant 3 z 6/g* = 5.7, which corresponds to a lattice spacing of roughly .9 inverse GeV. depending on the quantity used to set the mass scale. We worked on a 62x12x18 lattice, with 18 taken as the Euclidean time direction. The transverse size of 6 is roughly the size of a single hadron. A total of 20 gauge configurations was analyzed. If the H exists as a stable particle, it is thought to be a tightly bound six quark state: with a radius possibly not much larger than the radii of the ordinary hadrons. On the lattice in the infinite volume limit. we should find the pole for the H in its proper place. In a finite volume, if the H really is tightly bound. finite volume errors should be comparable to those for the ordinary hadrons. If the H is unstable, the dominant singularity in the H two point function will be that of the lightest physical state to which it couples, at 2MA.
If the H prefers to exist as a pair of independent A's. finite volume effects may be very large when the two A's are squeezed into a lattice barely big enough to fit a single hadron, making the dominant singularity in the H propagator appear to be above ~MA.
Our results are shown in Figures 2 and 3 . Figure 2 . In the spectroscopy data described above, most of the spin splittings for the known hadrons agreed well with experiment, but two of them were low by up to a factor of two. A worst case scenario for thii calculation to go wrong might be that the H is somewhat bound in real life, a bad misestimate of the spin splitting makes it somewhat unbound on the lattice with our approximations, and finite volume errors magnify that effect into the very large splitting seen in our data. We do not consider this likely, but it cannot be excluded.
To sum up. we do not see a negative splitting between the H and two A's at any combination of quark masses or at any separation of the hadron operators, although BS we have pointed out. there are ways that this calculation could go wrong. Much better lattice calculations for the H will be possible in the near future. Although the present calculation lends no support to the attractive possibility of a stable H. more work, both on the lattice and in experiment, is clearly desirable. 2) The H two point function (black dots) and the square of the A two point function (white dots) as a function of Euclidean time. K=.355 for the light quarks and .34
for the strange quark.
3) The maSs splitting between the H and two A's extrapolated to the physical quark masses. Vertical lines are statistical errors. The splitting is positive for all time separations and for all quark mssses used in the calculation.
